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lNTROCUCTION

Neutrimw piay a domi,wnt role in both particle physics, ~strophysics, and cosmology.

In the our present unckrstanding of the strong, weak, and clcclromagnctic forces, the

group structure of the Standard Model is SU(3~ @ SU(2)L @ U(l)liM. In tlw Wcinbcrg-

SalamClashow Siandard Iilectroweak Model, left-handed neutrinos are in a doublet,

while right-handed neutrinos arc in a singlet, and therefore do not interact with the other

known particles, III this model, the neutrinos are intrinsically massless and conserve

lepton number. I iowcvcr, while the W-S-G provides an amazingly accurate picture of our

present cold Universe, it has a number of deficits. The Standard Model dues not explain

the origin of the group structure, it dues not reduce the number of cwupling constants

required, nor doos it ofti’r i~n~ prudicticm for the physic,ll masses of the particles. Thus, it

is generally assumwi that the Standard Mochdis 1ut a subset of some Iargcr gauge theory.

A widu variety of (;rmc! lJnifi~d field Theories ((; UI%),Super Synmwtric Moduls (!lJS f)

including finite ncut rino masses and thc possibilityy that rwut rinos can oscillate from onc

type to anot!wr.



.
STATISTICAL AND SYSTEMATIC CONCERNS IN SEARCHES FOR NEW 1’1IYSICS

In searching for ncw physics beyond the Standard Model, ONCis usually looking for

rare phenomem or slight deviations from an expected shape. It is extremely important in

carrying out such cxprimcnts that the statistical and systematic amlyscs do not bias the

results in any way which might either hide a real effect or introduce a spurious cffccl.

Knapp* pointed out the difficulties and problems that onc can encounter in doing fairly

straightforward statistical analyses of the data. The case in point was analysis of the

tritium beta decay cxprimcmts, but the point applies equally WC1lto mal~yexpcrinwnts.

In analyzing the tritium data, onr has very fcw mwnts in the region of interest and

therefore must usc l’oiswm statistics, 1Iowtwcr, onc can usc either the Neynmn’s or

I’carson’s fittms, and onc finds diffcrrnt r~’suitsfitting the same data set with thl’ two

ciiffercmtfitters. In guncral N(*ymiIn’sX2 uncicrlvitimatusthe area fitted while l’wmwn’s X2

1wm’stimatcs th~’ar~’a. I“IIC’S1*eff(’cts~illlIuid to illlapparent (but spurious) Vu llliMS of

mlw than -100 eV2 h) + 40 1’V2. Thus, in };mwal, one must carry out Montu { hrlu clu.dw

of IIN’fitters and derive m ul~hii]sl’dfittl’r in order to cmsuruthiit tlw result is corrml.

Kniipp’ wcni onto discuss possible’syst~’mi~ti~- urrors which could also affect tlw rc’suitst)f

tlw tritium bl!til dcwiiyoxlwriml’llts. Mi\ny of th(w idwwapply generally to all

l~xp’rinwnis, such m the i(l(~i~tl~iit OIIL~Inust ti\ki!a p(!l]i~ltkierror of l-~ mwry tillw oIIt’

triw+to fit tlw ~illlN’Ciiltil.s4’!uld~’r dif’f~mw[ assumptions or with difkn’llt cuts WI IL’11

tryiilfi tl) lllilxillli7.t’ tll(’ l-x~~’rillll’lltill wwsitivi(y (or i] pilltiClllilrrcmilt Will’iltllill rl’slllt i!i

illr[’ildylm(Wll from nll t’ilrlilV rl)um{ 111”t’itlin}:. ‘1%1’illl)ridof tk dory is tllilt tlum~is il

11’ill llilll};lsl’ (If l)iilS in illldly~.ill}; (I,ILI Wilt’11 Yl)ll illll’iltly “IUU)W” till’ answvr.



muons, and tau particles, one can kincmatically reconstruct the events, and the existence

of a finite neutrino mass wili produce a well-defined distortion in the spectra.

Tau Neutrino

The best limit on the V7 mass comes from the ARGUS collaboration at DESY. By

observing the decay of a tau to 5-pion final states, one can constrain the tau neutrino mass

by looking for ewmts very c!ose to the endpoint. A total of 20 events has been observed,

and coupled with rcccnt new measurements of the tau mass, provides an upper limit of 31

McV (95% C1.).l With higher statistics and improved resolution, one might hope to

achieve limits of 10 McV in the future.

Muon Ncutrino

Thr most stringent limit cm the Vll mass comes from measurements of the p

monwntum following the decay of stopp’d pions. The most rcccnt dctmmirmtion of rnn+,

~wIplt’tiwith the muon c-intnof Abela M a12, giV1’Smvll < -(.).097(72) McV, which, using the

Ihyusiiinpruscriptiml;], yields an upper limit of 27LIkcV (90% CL).

I lowcvcr, ncw mwwurcmcn~sat the l’aul Schcrrcr lrwtitutc (1%1)of mn+ have resulted

in a rwwaluatilmdc}f the Abc]a ct al. data. This rusulls in a ncw value of mvp < -0.12’7(25)

MPV, rusultil~~in a S-a ncgativ~’ cuntrii! value. Tlw di[ficulty is thiit mn+ is detmninm.1

usil~fipionic X+ilyS and tlw prvcision is Iimill’clprilwipally by tlworutical uncurhintim

sIIch as vhwtr(m scrrunin}: and slronj; il~tlvm-tit)ns(1s};., Axmrpl ion from llw 3d stCl!u).

“~llllS, tll(’ lIIL’ilS(lr(*Ill( ’llt U$ill~st[}jll~’(i pil)llSllil~ il S(WCI1’ SYStl’llliltiC ]JrObh?lll illl~ (.illlI\l)t

11(’11!4’(1.

“Imlii’Il(wl 11~%1Im’lluxi (11dl’tlwllil~il])~ Invll JII,lss is lisilq: K Llt’(.ii)l iil flifilli i~t wliicll Il(ltll

lilt’ K ,111[1II Illl)lllt”lllcl illl’ [lirt~t’lly 111(’,l%llr(’ (1. “1’llis Illt’llltltl is r(411tivt’ly ills(~[lsitiv(’ 10 IIIK



.
measured over a wide region far tXIOW the endpoint and then the cxpcctcd spectial shape

in the endpoint region is extrapolated assuming a zero ncutrino mass and including all

effects (energy loss, spectrometer resolution, decay to different atomic final states,

bac’.scattering, background, variation of spectrometer acceptance efficiency with energy)

that can distort the spectrum. (lie then measures the spectrum in the endpoint region and

compares it with the extrapolated spectrum. A deviation between the extrapcdated and

memured spectra can be indicative of a finite neutrino mass.

Origincdly, a Russian group initially claimed to see evidence for a T@mass of 35 eV,

which was later reduced to 26 eV.6 Of particuhr concern in these mcasurcmcnts was the

use of a tritiated amino acid (valine) as the W, ‘rcc material that required extensive (and

somewhat uncertain) tlworctical calculations to take into account the atomic and

molecular final-state effects. At present, five other

using much simpler source materials, ranging from

molecular compounds.

experiments have reported results

pure molecular tritium to tritiakd



common to all of the experiments. That is the apparent excess of counts in the region of

the endpoint, which results in a best fit value which gives a negative m~2. In the case of

the Mairu expwiment, 30M* reported that this shows up as an apparent 5% branch of

some other state at about 75 eV below the endpoint. Further studies of possible sources of

this effect are now underway.

Lobasheti reported on the efforts of the group at the Institute for Nuclear Research in

Moscow, which will use a gaseous T2 source coupled to an electrostatic spectrometer. The

resolution should be quite good (about 2 eV) with high acceptance from the source. The

TZ source is now being brought into operation, which will then allow one to see if the

backgrounds arc still acceptably low with TZin the source. A goal of this experiment is to

be able to measure the hcta spectrum below the first excited state in T2 (at 41 ev) with

enough statistics and signal to background that one can search for a non zero ncutrino

mass without the complications of anj cxcitmi final states.

As shown in Table 1, all five experiments rule out the I’llil’ result. l-lowmwr, it must

- 2 which is negative. In fact,also bc not~d that all five experiments find a best fit for mve

the weighted average of the five cxpcrimcnts is mve2 ~ 5g * 26 CV2. I%ysically, this

corresponds to an obscrvwi excess of events in the cncipoint region, rather than a deficit,

which would be indicative of a finite neutrino mass. Using the 13tiyesianmethod, thwic

cmnbincd daia results in a limit on m~~,of 5 CV(9S% Cl.). I lowcvcr, as thv result is 2.3-cJ

with wmwsuspicion.



The crigin of the negative central value could be due to eit.lwr1) a statistical fluke, 2) all

undetermined systematic error in the experiments, or 3) difficulties with the theoretical

description of the spectrum. The chance that it is a statistical fluctuation is only 1.2%,

assuming that m~e is actually zero. An independent check for possible systematic

poliems has been made by comparing tne endpoint measurements from the experinlents

with the known TfiHe mass difference. (he finds very good agreement at the few eV

level, making it less likely (but not ruling out) that the explanation is a systematic error.

However, additional studies of possible effects arc clearly warranted and are under way.

Finally, there arc two possible uncerti~intics in the theoretical description of the

spectrum. The first is that the effect of decays populating different atomic and molecular

final states comes entirely from theory. But in the case of tritium, it is bclicvcd that these

firml-state distributions can bc calculated wilh high accuracy, and in fact several different

calculations agr~~ quite well. The other possibility is that some new physics is involved;

for example, tachyomc neutrinos, capttwc of relic neutrinos from the Ilig Bang, the

rxistcncc of new particles, etc.. Stephenson* prmentcd the idea that new scalar particles

may exist which couple only to neutrinos. The cxistencc of these new particl~s, if the

neutrinos and scalar particles have masses less than about 10 cV, would causu the

ncutri nos to cluster around matter. This clustering would Icad to density cnhanccmcnts

wfficicntly large to prodllcc apprccinblc effects on the nculrino spectrum in tritium beta

decay and produce the sort of effect of ncgiitivc mT2 obsmvcd. Remarkably, ttw [lxistcncc

(Jf such new SCillil r pa rtirlm dors not seem to Ix prucludml by any other nwmurunwnts to

(Iiltlh. Whih’ it lni~y lx thnl this and other ideas may provu to be ruled O(IIby oUwr (li~t~,

(ml’ should not ]~rr~.ludl~ tlw possibility Ih:II tlw trilium Ma decay exp~’rinll’llts ilr~

s{’n:; itivr 11)111*WI>l]y:; ics, illl(l [111”111(’1.1111’1}1’(’til’ill work.is llh’1 Itld.

N(uI(~III(Il(Iwi, tllt~ II:;(* t}l lIK* l!i~y~*si,~I~I]N~llNxl ]mwid(vi ii rl’l,ltiv~’ly titiibll’ lin~il kr IIIvt,,

,IIui il is IIlllilu’ly Ihi]l nlv,, (Q,lil[’xl.t~~’tl1[) t’V. hth .1 limit not (rely ruk’s lNII tlu~ l.llil’

(.idilll, I)llt ,IIMI {’lilllilhlh’s vtl (tw vlt) ,1:1IIu* LltIIIIIIklIlt l.~uIIINuIl’Ilt (lf tl,lrk II I,IlltIr.



ncutrirm with a

spectrum where

much lighter (< few eV) neutrlnq whkh results in a kink in the beta

the beta spectrum with the heavier neutrino kicks in on top of the light

neutrino beta spectrum. Physically, in order for this process to occur, not only must the

ncutrino have a non zero mass, but lepton number must also be violated.

A total of eight experiments claimed to &serve evidence for a 17-keV neutrino with a

branch of about 0.85%.12 All of these were remarkably consistent with the best fit to the

mass and the branching ratio observed. All were also carried out using solid state

detectors. In contrast, more than fourteen experiments (mostly camied out using magnetic

spcctrom.etcrs) claimed not to observe evidence for a 17-keV neutino with limits on the

branching set as low as O.1’XO(95% CL).12

The most convincing of the experiments observing a 17-keV ncutrino are those of Hime

and Jcllc y13 at Oxford using 35S and 6~Ni sources with a solid state detector. An

important expcri ment checking the Oxford results was carried out at Argome National

Laboratory 14 by l?rccdman* et al using a 35S source placed in the bore of a

su~rconducting magnet. The field profile could be tuned so that as betas spiral along the

ficld lines, their phase space is compressed by the decreasing field so that they strike a

solid state detector at the end of the magnet bore at close to normal incidence. Most betas

that backscattcr from the detector me rcflectcd back by the magnetic pinch effect and are

mcollcctcd in the detector. This scheme has the advantages of magnetically collimating

the bctm and of reduc!,ngbackscattcring effects. The results of this measurement obscrwd

no widencc for a 17-keV ncutri no. This, together wAh work by I’iilormnand Abashian,

prompted IIimc to ~ccvaluatr their diIIa. IIc carried out careful Monte Carlo calculations

of possible scatteri rig cffl?cts from intormcdiate surf aces (such as a thin bafflc placed

l)u[wvunthe sourm and dctcclor so M to prm-lucktlw dl’leclor ol.wcrvingk~ti~st!mt miglli

slrikt’ tlw walls OfIIWvaculun chamlwr). 1 linl~’q found tlli]t imjuding IINXW intl’rm{’dii]i~’

!il.illt{’rillg L’HLI(”KClmld i](l~()[illt ft}r tll~’ obsl’rvLKl dislt~rtilms in till’ spccira. 15 ‘].llis is

Solll(’Wllil( s(lrlwisin~,, ii!+ 1111%~~l’ff(’(’1$ (x.(.(lr ill 1111’ 0111” lx’r~.ul]t 11’vul, Wll(?r(’il$

lltll’kS4:il[tl’rili}; illld vncq;y-hxis (’f{c’l-t!+ (’01111”ill ill [1101’(” tllilll 111(’ [Cl! p~’rcl’llt lCV1’I. “l’lIi’

l~;ll.kst.i~!i(’ril~~; i~l~({(~IIL~~}:y10ss l~ff~~(.lsl]i~(JlNK~IIvtlrit~~l ill tlll~ all;llysis L]y il f(~w lN~I’l”LIIIt,L)LII

Illc’y lll~lltt :N)t iWUNll\l ftw thl’ (Jlhx’rvld tlisllw[it}iw+l~y illly rtuhlmiil)h’ Vilriillit)ll. “1.IU’

Iwtddlvll Wil!i tlliit till’ S]N’Ctrill [(win ()( till’ l),lt.hs(-,l[ll’l.il~}; illld illt(.rill(di,l[t’ sc,llt~~riltg

(’1I’1’L.1*ill’1’ dilf(mvlt, illl(l ]mxlin.1’ LIilIwlv]l (ifltxls. .llll~ Ill%) illlillySiS is dlSl} ill 1)(41(’r



agreement with the total response function as determined by conversion line

measurements. New data from Oxford, as reported by Jelley*, taken with steps

implemented to reduce intermediate scattering effects, show no distortions consistent with

a 17-keV neutrino.

Additional experiments have also been recently carried out which also do not see any

evidence for a 17-keV neutrino. Holzschuh” reported a limit of c 0.1.% (95% CL) far a 17-

keV branch using a 63Ni source in the Zurich magnetic spe~ometer used to study tritium

beta decay. An experiment which uses a setup similar to that used at Argonne was

reported by Abele*. In this detector, a thin 3% source is placed at the center of the

solenoid with detectors at both ends so that all events into h are collected. This makes it

possible to further suppress the effects of backscattering by adding the energy deposited

in both detectors from a backscattered event. The limit determined was a branching ratio

for a 17-keV neutrino < O.59!O(95Y0CL). Thus, while the 1~ mcmw.remcntsof the Berkeley

group and the tritium data of Simpson still remain unexplained, it is clear that a 17-ke~’

neutrino does not exist with a branching ratio in the fraction of a percent range.

NEUTRINO CROSS SECTIONS

A stringent test of the Standard Mel can be carried out by precision measurements of

rwutrinwdcctron elastic scattering which provides allows a precise determination of the

Weinberg angle. While a number of measurements have been made at accelerators, only

onc measurement with limited precision has been carried out at a reactor. Thus, Ihggini*

discussed plans for a new measurement of ve elastic scattering at a reactor using a high

pressure gas time projection chamber (WC). In addiiion, this exp~v.imcntis dusigncd to

slyirch for a n~i~gncticmoment of nc with a wnsitivity of 2-3 x 10-11 k]] Ir nmgnctcms,

which would reprcsl’nt more than an mdw of nqni tudp improvcnwnt over tlw current

limits.

LNlwr lilt’il:;llr(’111(’lltS d inh~’s[ iil Ivsliq: lIILDS[lII Idild M(x!(~l i~l~~l IIW SII’UCIUI.LI of tlw

w(~i~k inluriictiw~s Imvv rccw~lly Iwuncarrimf out ,1[ tlw 1S1Ss~]idliiti(}l~ncwlron SOLIIIXat

IIU*Rullwrf(ml IAx)rill(wkvi. Kll*infdld rl’jwhd {m r~’sdh fro]ll Ihu KAl{MliN dl’lcwlor

()[ S1’ilr(.llL’S [I}r Iwiltrillo OSCillitl ions illl(l llll’tis(lrt’ll tt’ll[s ()( Cllilr};l%l illd nl’utr,~l rurrlmt

illl(’[il(.li(ms ill (-ilrll(~ll.TIIL”(iillil illdil”ill~’ Illill llilV{)r {mivcrsalily is colw~wv~d w itl~in 1-0
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sections cm carbon are as expected, except that there appears to bc some discrepancy

between measurements at ISIS and Los Alamos of the inclusive charged current cross

section on carlmn.

DOUBLE BETA DECAY

The pairing force in nuclei results in a number of cases in which beta decay from a

nucleus with (Z, A) is not energetically aUowed to a daughter with (Z-1, A), but double

beta ((!~) decay from the (Z, A) parent is energetically allowed to a daughter with (22, A).

This can proceed by three possible mechanisms two v ~~ decay, no v BPdecay, and IWv

p~ decay with the emission of a Majoron The two v ~~ deay is an allowed aecond+xder

process requiring no new physics. No v f!~ decay requires that the neutrino have a mass,

that Icpton number be violated .md that the neutrino is a Majorana neutrino. No v ~p

decily with Majoron emission has, in addition, the requirement that a new particle, the

Majoron (a rnassless Goldstone boson) also exists.

The most stringent limits on the neutrino mass in no v ~~ decay come from the

experiments using Ge solid state detectors, which are highly enriched in 7%e. In this

case, the detector is also the sample. The best limit to date comes from a Moscow-

I-Icidclbcrg collaboration. Picpkc* has reported a limit on no v ~~ decay of <1.6 x 1024 yrs

(90% CL). Using calculated nuclear matrix elements, one can then usc this result to set a

limit on the mass of a Majorana electron ncutrino of c 1.2-1.4 CV(90%0CL), Larger isotopic

76Gc detectors with Iowcr backgrounds are under construction and one might hope to

reach sensitivities of 0.1 cV ultirnatclym

Similar Icvcls of sensitivityy m~y be rcachd usin~ other detectors. llusto* rvporlud

work on a liquid 1~6XL’tinw iwojcctionchnmbcr which l~i~sprovidml ~ limit for no v [1[1 ~lf

4.2 x 1023 yrs (c)()% Cl.), c.xrcsponding to a limit on thl’ hlajoriu~anuulrilm InMSof <3 (’V

(W)!, (-1 ,). With nnlicip~kd rrducli’ms in I]ild+:r(,li,lds, it sLwms[L%lsibhsto 11’ilCll lit’,*lin\tvi

0( alwtil 1025 yrs.

%)IIICvffl)rts lliiV1’ bt’(’11 Illildl! ill studius 0[ dolllllt” I)[k;ilroll llt’uily, Ix)silrl)il -(’lL’(”[rLNl

m~~turc d(’t’ily, all{t l*llw[r(mrillll~lr~’<’1~’(’lrc)llc“il~)lllr(’tl~{”ilyilS rqxwhxl L}y I’(}lllilll!iky”.
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(;1,) for (.itmlll~’pl}silnm dl’my illl~t Iik’tinws 1)[ !i.1{ x 1021 yrs ((d+% (’l.) I(w ]~t)silr(]l~



electron capture decay, substantial work remains to be done to make these competitive

with ~ decay.

Finally, it may be possible to push sensitivities down through the use of other

cryogenic detectors. Garan* reported that considerable progress has been made during

the last year in understanding the physics of metastable superconducting granulated

detectors. These detectors seem to oEer tk possibility of low background measurements

I‘. double beta decay, solar neutrinos, and searches for monopoles and dark matter. It

now seems possible to make energy measurements with these devices, rather than acting

as integrating detectors above some threshold.

Perhaps the most interesting possibility is that of no v ~~ decay with Majoron emission.

Measurements using a Time Projection Chamber with enriched 82Se, 100Mo, and 150Nd

samples16 have observed an excess of events below the endpoint that might be consistent

with Majoron emission with a branching ratio of a few x 10~. This is intriguing, as recent

experiments using Ge detectors17 have also seen an excess at about this level. The

Moscow-Heidelberg group also sees an excess in their enriched 76Ge detector. However,

Piepke* has reported that after making 2 (large) background subtractio~ the shape of the

spectrum is not consistent with Majoron emission with an upper limit of 1.8 x I@ (90%

CL) on the branching ratio. Further work is under way to study the origin of this excess.

NEUTRINO OSCILLATIONS

Theory

If the ncutrino has a non zero mass and Icpton number is also violated, then the

physicnl neutrinos that wc observe (c, p, and @ are not mass cigcnstatcs. Instead there

exist tluxw m,ws ci};enstatcs (VI, V2, and V3) with masses mvl, mv2, rind rnv3. ThL’tl*rcv



A variety of searches, both terrestrial and nonterrestrial, has been carried out and no

definitive evidence for neutrino oscillations has been found in terrestrial experirnentds

Atmospheric Neutrinos

Cosmic rays (primarily protons and gammas) striking the upper atrnosplum? produce

showers of pions and muons that decay, yielding ve and v\t with ~pica.1 e=gies of

around 1 GeV. The flux of these neutrinos can be calculated to about 30% accuracy and is

suffiaently large that they can be observed in large underground detectors. By measuring

the ratio of electron- to muon-neutrinos, one can search for neutrino oscillations in a

manner that is relatively free of the individual flux uncertainties, as the ratio can be

calculated to about 5% accuracy, as reported by Gaissef. As the distance traveled by the

neutrinos ranges from 10 to 10,000 km, one has sensitivity to small values of Am2 that are

otherwise inaccessible.

Barloutaud” provided a review of measurements of atmospheric neutrinos have been

carried out by a number of large underground detectors: Kamiokandc and IMB (which

are both large water Chercnkov detectors), Frejus, NUSE~ &kSan, and ~udan U (which

are either scintillator based detectors or tracking calorimeters). In their analyses, they

compre the observed ratio of vP/vc divided by the Monte c~rlo (Me) calcula~ ratio Of

vP/vc. The results, as reported by Kiclczewska* for IM1.!and Kancyuki* for Kamioki]w.ic,

arc given in TaMc 2.

TaMc 2. Atnm@wric mmtrino dnta.
.—. — ._—.-—.—— .——. ———

(%oup vll/vc(ihta)/vp/vc(MC)
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The most sensitive of the detectors, ~tiokande and ~, obseme a signific ‘nt deficit of

the relative number of VP compared to Ve. The systematic uncertainties are 8% for

Kamiokande and 22% for IMB (attributed ~tly to ~rtainties in the MC simulations).

A possible explanation of this deficit may be attributed to neutrino osallations. If so

interpreted, the allowed range for the IGr-niokanderesult is shown in Figure 1. IMB d=

not make any claim to obseme neutrino oscillations, due to their much larger systematic

uncertainties.
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It may well be that the deficit is due to a systematic effect rather than new physics.

Two major concerns have been raised. First, it is quite difficult to separate elecfrons from

muons at low energies( a few hundred MeV) based on the differences in the observed

rings. lMB and Kamiokande pintly plan to check this by building a 1 kiloton water

Cherenkov detector at KEK by using beams of charged particles(z, L and e) to check the

accuracy of the identification. It is also interesting that recently Swim II, which is a

tracking calorimeter, &served the same deficit, albeit with large statistical uncertainties at

present. Second, there is possible concern that the cross sections used in the Monte Carlo

calculations may be incorrect. These cross sections are calculated using the Fermi Gas

Model (FGM), as the momentum transfer is low at these energies, and nuclear effects are

important. But data rcccntly published of measurements made at LAMPF of Vp cross

sections on 12C arc at some variance with the rGM predictions.~ l’reliminary theoretical

work apparently does not find any Iargc differences with improved nuclear n~odcls.24 It

may bc possible to check the cross sections by exposing the KliK test detector to a beam of

Iow-energy neutrinos. This possibility is being investigated, but it will require upgr~dcs

of the accelerator and construction of a ncutrino beam Iinc, and w is unlikely to hiippcn

very soon.





oscillations and if the see saw mechanism is the correct model for determining how the

masses of the neutrino generations scale.







%3 ~utrinos but leaves the p-p neutrinQ~essentially unaffected. The large mixing angle

solution provides for a roughly equal suppression of neutrinos at all energies.
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SUPERNOVA NEUTRINC)S AND DARK MATTER

The dark matter problem, in which mom than 90% of the Universe is comprised of

some unknown (nonbaryonic) form of matter was reviewed by Caldwell* with some

additional discussion by Krauss*. The need for dark matter now seems to be well

established and intensive experimental efforts are underway to determine the origin of the

dark matter. Searches for MAssive Compact Halo Objects (MACHOS) are underway by

- groups using the gravitational microlensinq technique, Initial tests indicate they

have sufficient sensitivity to observe objects with masses greater than 10-7 solar masses in

the halo of our giilaxy. Chwyear of observations arc now being analyzed and within the

next year or so wc should know if MACHOSarea domimnt form of dark matter. The

recent Observation of COl.11{(COsmic Background Explorer) al~dIRA!! (Infral?cd

Astronomical Satellite) seem to indicate the rwcd for about 20-40% of hot dark matter

mixed in with cold dark matter in order to rcproduc~ the observed large scale structure of

the Universe. A prinw cimdidatc for tlw hot dark matter is a tau ncutrino with a mass of

about 7 cV. Axiom mu also still n di~rk nmttcr candidatu and efforts arc unchr way to

build a Iargc cryogvnic caviiy inside a superconducting magnet which would allow

detection of axions by tlwir coupling to the magnetic field. Weakly Inlcracting Massive

I’articks (WIMI’S) hiiw Iwn Iaq;uly ruhx.iout as dark mttttcr Cididiitcs by expwimcnts

using ullra low bi~l-k~:rl)l.id .%)M slalc detectors in which a W] Ml’ would Ix dctcc[cd by

[dwcrvation of tlw r(wx~il nucl(ws wlwn Ilw W IMI’s s(.i~[tl~r in tlw dlitrclor. I:innllya

nund.w of ef forls ilri’ IInlt m WilY using cryqywic dl’hwllmiwhich havu Ilu’ }wtcnlial of

king abk h ohwrw tlw nuclmr rwoils Irom nm[rtllill[x+ (Ilw Ii};hhsl skddv

};[J~]t*lSYlllll~[Jlrit”~ulrliclt’) srlllll’rill}; in Ihv d(’h’ctor~. ‘1’1111s,il is IIlqlld Illilt till’ fjrifiilll}f

(I;ll’h Illil[ll’1’ lllil~ 11(’tl[’ltgl’lllllll’~lwilllin 111(’111’Xtth’t ,1(11’,

II Illt’ [,111Ilt’[llrillt} Ilil!i ,1 lllil!J; ill111(’11’\V(’V rllllj;(’, ,15I)l}!;!ll“Illy ill~lit.,lhxl Ily (’( II!li illl(l

INA!+,ii is [d {v’tlt.i.11illllltwl,lln”t’ It] lIIItl ii IINI.IIIS 111IIIt*,I:tIIrII :,IKII ,i III,mi. Nt’illril~t~

lr,i”ill,lliljll:;, sIII.11,1:,lllt’ N( )hl Al ) ~’t.l)ttrilln’111, Imwi[lt’ (MI(* 11111,111~I(I III”OIMOIllis II ItI:,:.

I’dlt}; t’. I l(lwtwt’r, d IIIINI*{Iirtwl 1]1(’,IIw is Ily ~[ll(li(’s [JI llu~ l\(wlriluti; {’lllilll’(1 ill :;ill)lwuw,~

l’xldt}~i(nvi, m ~li:+(.ll!w’(1 Ily Kr,limlf. A };rmt (lt*ill (II lh’~.lilt’tl Ill[)tlt’lilll; {d S~I]NIriNW,W Ii,\s
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.

rates that Oneexpects to see are of order 103 events in SNO and 104 event?lin Super

Kamiokande. With such high statistics, the detailed evolution of the neutrti puke can be

studied. It appears that both model-dependent and model-independent effects of a non

zero neufi mass should be observable for masses of tens of eV. Studies h indicate,

although with less reliability, that it maybe possible to &termine neutrino masses as low

as a few eV. Thus, there is some hope that a neatby supernova may provide the best

information on a possible tau Nutrino mass in the few eV to few tens of eV range.

CONCLUSIONS

At present, laboratory measurements are all consistent with the”hypothesis that

neutrinos are massless. In particular, there is not a 17 keV neutrino. Nonetheless,

extensions beyond the Standard Model generically predict non zero neutrino masses.

Thcre are possible indicatioris of new physics in no n bb decay with emission of a Majoron

with a branching ratio of around 10_4. However, wbile an unexplained excess of events

below the endpoint is observed in all of the experiments, the data are probably

inconsistent with Majoron emission. There appear to be systematic effects in the tritium

beta decay experiments which are not completely understood. The consistent observation

of a best fit of negative mv2 could possibly indicate the presence of new physics, but a

great deal of work remains to bc done before onc can seriously consider ncw physics as

the solution to this problcm. I%ssib[c cvidcncc for ncutrino oscillations is obscrvcci in

atnmsphcric neutrinos and solar neutrinos. In the case of atmospheric neutrinos, only one

cxpcrimcnt has the sensitivity to claim consistency with ncutrirm oscillations- A number

of possible systematic effects may also account for the obscrvatiom, and [urthm studies

fir(’ under way. In tlw mw of solar nr(ltrimxi, four cxpurimcnts all scu significant ddk-its

lwlow tIw ratl’s prcdiclcd. Vnritjlls ~[~illyst~s indici~to it is unlikuly il~i~t ~Ili]l\g(’s tc} tl~~

Stal~l{i] r{J Solar ML)dLSIS~i~ll il(.lsol]llll(l~lilt~” tll~’ rl%ults. ‘h’ HNWI Iik.1*1y consisllgl~t

(’x]d,]n,~lion is tllilt wl~ i~rl~obsl’rvii]~; ll~il[tl’r-(~i~ llill~~.(’il MSW Iu’utrilll) tm.illtltitms. Y~!t,

[;ivwl 111(’vxlrwnv thqwlldl’llrt’ (tf 1111’lwlltrill~)IIuxl’s 011 tlw (.(M”L’lL*llilN’riltUrl’ 01 tll(’ S(111,it

is llilfkvd[ 10 (It’1’initivl’lyruk’ tIIIl ,wlr~qdlysit”,lls[)lutiolw. Ihlt il IN*W rould of t’x]x’rillll’llts

will ~lrlwict(’ ll\ll(ll’1-i[i[ l(*l)l*ll(ll*l~l 11’s1s,wlli~’1~ shLILIltllm:vi~ll’ IIMO~(d[lli(~l~ I() llILI md(lr

lu~illrilu) I)rol)llmi in tll(’ tuwl fivt’ IIJ :4wt’1] y~’,irs. I:illilllY, Illi’,l:;lirl’i)l[’ill:l 01 IIN’ :1 K

llii(.rowi~v(~ l~;i(-k~;r(}(ild rii~liiltioli S{KIIIi {() !iivo~ [Iliit S(MIN~fr;u{til]l~1)( tl~t’{I,Irk nm[tlw i]~i~y



be comprised of a (tau) neutrino

detectors now under construction

with a mass of several eV. If the large solar neutrino

should be lucky enough to observe a supmmva within

our galaxy during their lifetimes, it may be possible to address the question of a tau

neutrino mas3 of several eV.

It is clear that the new round of ex@.rnents under instruction and being discussed

will greatly impact our understanding of neutrino mass and mixing. If we are fortunate,

the early indications we are seeing with the present round of experiments will be borne

out with new data by the end of this decade. It may well be that these experiments are

providing us with the first window to the long+ought new physics byond the Standard

Model.
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